The genus Lactococcus was first established as a separate genus distinct from the genus Streptococcus by Schleifer et al. (1985) . At the time of writing, the genus Lactococcus contains 11 species plus four subspecies of Lactococcus lactis (Schleifer et al., 1985; Williams et al., 1990; Cho et al., 2008; Cai et al., 2011; Pérez et al., 2011; Chen et al., 2013 Chen et al., , 2014 Meucci et al., 2015) . All members are Gram-stain-positive, catalase-negative, non-motile, non-spore-forming bacteria. Bacteria of the genus Lactococcus are widely distributed in a variety of fermented foods, dairy products, and plant and animal materials (Schleifer et al., 1985; Williams et al., 1990; Chen et al., 2001 Chen et al., , 2014 Duan et al., 2008) . They have also been reported to be one of the most important lactic acid bacteria in the hindgut of wood-feeding termites (Bauer et al., 2000) .
In the course of a study on the diversity of culturable bacteria in the gut of a wood-feeding termite, Nasutitermes hainanensis (Isoptera: Termitidae), bacterial strain M19 T was isolated with MRS agar (MRS; Difco Lactobacilli MRS Broth) by the serial dilution method at 30 8C for 48 h. Termites were collected from Wuzhi Mountain in Hainan, China. The dissection of termite guts and preparation of gut homogenates were conducted as reported previously (Chen et al., 2012) . In addition, two reference strains, Lactococcus lactis JCM 5805 T (Schleifer et al., 1985) and Lactococcus fujiensis JCM 16395 T (Cai et al., 2011) , were obtained from the Japan Collection of Microorganisms (JCM).
Amplification and sequencing of the 16S rRNA gene were performed as described by Chen et al. (2012) . Amplification and sequencing of the housekeeping gene rpoB were performed using primers rpoBLac1F (59-TACGGKAAAC-ACCGTA-39) and rpoBLac1R (59-TCAARCCAWGCTCC-ACGG-39), which were previously designed and reported by Pérez et al. (2011) and Chen et al. (2014) . The sequences obtained were compared with closely related sequences retrieved from GenBank using the BLASTN program (Altschul et al., 1990) and aligned using the CLUSTAL W software (Thompson et al., 1997) . Phylogenetic trees were reconstructed with the neighbour-joining method (Saitou & Nei, 1987) and maximum-likelihood method (Olsen et al., 1994) included in the software package MEGA version 5.0 (Tamura et al., 2011) using a matrix of pairwise distances estimated under the model of Tamura & Nei (1993) . The topology of the phylogenetic trees was evaluated by bootstrap analyses based on 1000 resamplings (Felsenstein, 1985) .
Analysis of 16S rRNA gene sequences indicated that strain M19
T was phylogenetically related to members of the genus Lactococcus with sequence similarities ranging from 84.8 to 95.5 %. The closest relatives were L. fujiensis JCM 16395 T with sequence similarity of 95.5 % (Cai et al., 2011) and L. hircilactis 117 T with sequence similarity of 94.5 % (Meucci et al., 2015) . These three strains formed a monophyletic cluster in the neighbour-joining tree, showing sequence divergence of more than 5.6 % compared with other species of the genus Lactococcus (Fig. 1) . The phylogenetic affiliation between strain M19
T and other species in the genus Lactococcus was the same in the maximum-likelihood tree (data not shown). Comparison of the rpoB gene sequence of strain M19
T with those of other species of the genus Lactococcus revealed sequence divergence ranging from 15.1 to 29.0 %. Phylogenetic analysis of rpoB genes also showed that strain M19
T was most closely related to L. fujiensis JCM 16395
T with sequence similarity of 84.9 % and L. hircilactis 117 T with sequence similarity of 82.5 % (Fig. 2 ).
Cultural and morphological characteristics were investigated with cells cultivated in MRS medium at 30 8C. Morphological observations were performed by scanning electron microscopy (Quanta 200; FEI). The presence of flagella and cell mobility were examined according to Dong & Cai (2001) . Gram-staining was carried out according to Gerhardt et al. (1994) . Growth at different temperatures was tested in MRS medium incubated for 24 h at 5, 10, 15, 20, 25, 30, 35, 40 and 45 8C. The pH range for growth was tested at pH 3, 4, 4.5, 5, 5.5, 6, 6.5, 7, 7.5, 8 and 9 by adjusting the pH of MRS medium with the addition of 5 M NaOH or HCl. Tolerance to NaCl was tested in MRS medium with 0, 0.5, 1.0, 1.5, 2.0, 3.0 and 4.0 % (w/v) NaCl. Tests for catalase and oxidase were carried out according to previous descriptions (Fang et al., 2015) . Carbohydrate fermentation tests were carried out using the API 50 CHL fermentation kit (bioMérieux) and tests for enzyme activities were carried out using the API ZYM system (bioMérieux) according to the manufacturer's instructions. For phenotypic characterization, all tests were carried out in triplicate in MRS medium.
Strain M19
T formed light yellow, smooth, convex and tiny circular colonies on MRS agar plates (about 0.2 mm in diameter) after incubation for 3 days at 30 8C. Cells of strain M19
T were Gram-stain-positive, catalase-and oxidase-negative, non-motile, non-spore-forming, facultatively anaerobic and grew well anaerobically on MRS agar at 30 8C. Cells were coccoid or ovoid-shaped and occurred singly, in pairs or as short chains (Fig. S1 , available in the online Supplementary Material). The strain was able to grow at 10-40 8C (optimum, 30 8C), at pH 5.0-7.5 (optimum, pH 7.0) and at NaCl concentrations of 0-1.5 % (w/v). Acid was produced from ribose, galactose, D-glucose, D-fructose, D-mannose, mannitol, N-acetylglucosamine, amygdalin, arbutin, aesculin, salicin, cellobiose, maltose, trehalose and gentiobiose. Acid was produced weakly from lactose, starch and gluconate. In addition, strain M19
T was positive for acid phosphatase and leucine aminopeptidase but negative for b-glucuronidase activities in API ZYM tests. Additional physiological and biochemical properties of strain M19
T are provided in the species description and the properties that distinguish strain M19
T from its closely related species are listed in Table 1 .
To analyse the fermentation products from glucose, strain M19
T was grown in triplicate in minimal medium [per litre: (NH 4 ) 2 SO 4 , 2.0 g; NaH 2 PO 4 , 0.5 g; MgSO 4 . 7H 2 O, 0.2 g; CaCl 2 . 2H 2 O, 0.1 g; KH 2 PO 4 , 0.5 g) amended with 5 mg yeast extract ml 21 and 10 mg glucose ml 21 and incubated at 30 8C for 3 days in butyl rubber-stoppered 18 mm anaerobe tubes under atmospheres of 100 % N 2 . A 1.0 ml volume of culture fluid was removed and centrifuged at 12 000 g for 10 min, and the supernatant was filtered through a 0.22 mm-pore-size filter and stored at 220 8C until used for analysis (Wertz et al., 2012) . The end products were determined using an HPLC system with a UV detector set at 210 nm with a Rezex ROA-organic acid (Phenomenex) column (25064.6 mm) as described by Wó jcik et al. (2006) . The major end product of fermentation with glucose was lactate, which is typical for the genus Lactococcus as homofermenters.
The DNA base composition was determined by thermal denaturation (Marmur & Doty, 1962) and Escherichia coli K-12
T was used as a reference. Genomic DNA was extracted from cells grown in MRS broth for 24 h at 30 8C with a TIANamp bacteria DNA kit (Tiangen Biotech). The DNA G+C content of strain M19
T was 39.6 mol%, which is within the range reported for the genus Lactococcus (Table 1) .
For chemotaxonomic analyses, biomass of the newly isolated strain and the reference type strains was harvested from MRS agar plates incubated at 30 8C for 2 days. Cellular fatty acids were extracted and methylated according to the standard protocol of MIDI (Sherlock Microbial Identification System, version 6.0), analysed by GC (GC 6890; Agilent) and identified using the TSBA6 database of the Microbial Identification System (Sasser, 1990) . Cell-wall peptidoglycan analysis was performed according to the method of Chen et al. (2012) .
The predominant cellular fatty acids of strain M19 T were C 16 : 0 (43.6 %), cyclo-C 19 : 0 v8c (13.1 %), C 18 : 1 v9c (9.1 %), summed feature 7 (10.1 %) and summed feature 8 (9.5 %). The complete fatty acid profile of strain M19 T differed from those of the type strains of the type species (L. lactis) and reference species L. fujiensis JCM 16395 T and L. hircilactis DSM 28960 T ( Table 2 ). The peptidoglycan of the strain contained L-lysine as the diagnostic diamino acid.
Based on the above phenotypic and phylogenetic studies, it is clear that strain M19
T is a member of the genus Lactococcus. However, the differences in phenotypic and chemotaxonomic characteristics indicated that the strain isolated from Nasutitermes hainanensis represents a novel species of the genus Lactococcus. The name proposed for this species is Lactococcus nasutitermitis sp. nov.
Description of Lactococcus nasutitermitis sp. nov.
Lactococcus nasutitermitis (na.su.ti.ter9mi.tis. N.L. gen. n. nasutitermitis of a termite of the genus Nasutitermes).
Cells are Gram-stain-positive, catalase-and oxidase-negative, non-motile, coccoid or ovoid-shaped, facultatively , was isolated from the gut of a wood-feeding termite, Nasutitermes hainanensis. The DNA G+C content of the type strain is 39.6 mol%. (Cai et al., 2011) ; 3, L. lactis subsp. lactis JCM 5805 T (Schleifer et al., 1985) ; 4, L. hircilactis DSM 28960 T (Meucci et al., 2015) ; 5, L. taiwanensis NBRC 109049 T (Chen et al., 2013) ; 6, L. lactis subsp. tructae DSM 21502 T (Pérez et al., 2011); 7, L. lactis subsp. cremoris JCM 16167 T (Schleifer et al., 1985) ; 8, L. lactis subsp. hordniae JCM 1180 T (Schleifer et al., 1985) . 2, Not detected; NA, data not available. Data for 1-3 are from the current study; data for 4-8 are from the original literature source. Values in bold indicate predominant fatty acids (.10 %). 
